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1 ABSTRACT

In India, Transit Corridor development is an inedgrart of planning. India has an extensive tramsitvork

of 3.6 million km - the second largest in the worldhe Government of India (GOI) launched a radical
program in the late 1990s to upgrade three keymnaltitransit corridors: (i) the Golden Quadrilate(&) the
East-West Corridor; and (iii) the North-South Cdari, covering about 13,000 kilometers. The National
Highways Authority of India (NHAI) was mandated lvithe responsibility of carrying out this National
Highways Development Program (NHDP) in 2000s. IrstpdNHDP Phase Ill programme a massive
programe was involving of upgradation of about 1@,4&m of national highways. This programme was an
addition to the onging NHDP and includes upgradingages to the NHDP corridors. This programme
involved four or six laning of existing two lanational highways of most of the selected natiomgih\ways
over 29 states and 7 union territories in Indiae Triteria for selection of the project roads @gidor with
high density traffic which has avaergae dailyficabf more than 30,000 passenger car equivaleiis,un
carridor providing state capitals with links to tReIDP network and corridor providing access to ernic
and tourist centres.

The number of vehicles on roads has been growingoaipounded annual growth rate (CAGR) of
approximately 8 percent in the last five years. Bhewth rate of vehicles is the backbone of ecoromi
development and the Indian automotive Industryésgecond fastest growing in the world. About Siamil
vehicles are produced annually in the country todlay 009, the country reported 121.63 million stgied
motor vehicles, a motorization rate of 22 vehigbes 1000 population (Road Transport Yearbook, 2008.
Motor vehicle growth rate has been largely con@att in the major cities. India has experienced
tremendous growth rate in motor vehicles & thisdlga interest of environmentalist, business leaders
government officials and researchers for a numbeeasons. Already, India’'s motor vehicles have had
substantial detrimental impact on the environm@antomobiles are the primary sources of air pollatio
India’s major cities. In India, transport sectorimman estimated 261 Tg of CO2, of which 94.5 % was
contributed by road transport. The transport settoindia consumes about 17 % of total energy & is
responsible for 60% of the Green House gas fronowaractivities (Tedoy, 2008). The pollution from
vehicles is due to discharge like CO, unburnt Hig, NO2 & suspended particulate matter mainly fraih t
pipes.

The potential massive size of the nation’s motdriale fleet has raised concern over the additionasbon
dioxide to the atmosphere & its potential for glolshange. An examination of the factors that have
contributed to rapid growth rate of motor vehiatelindia is very important to understand the likilyure
course that the growth might take. Central Polhti@ontrol Board, India is executing a nation-wide
programme of ambient air quality monitoring knows Hational Air Quality Monitoring Programme
(NAMP). The network consists of three hundred aortyftwo (342) operating stations covering one hadd
and twenty seven (127) cities/towns in twenty €8)(states and four (4) Union Territories of theirtoy.

All receptors are not being monitored all alongara! highways. There is huge gap in database pagpa,
monitoring and analysis.

This paper apraises the alignments of nationalvidgis all over Country with traffic density and éable
databse of pollution load. The overall anlayis gitlee national wide framework of pollution load albng
the transit corridor as baseline anlsysis for fifplanning.

Keywords: NAMP, transit corridor, NHDP, environmahpollution load, planning

2 INTRODUCTION

Transport is essentially a derived demand dependgjoy the size and structure of the economy and the
demographic profile of the population. Road tramsg® vital to the economic development and social
integration of the India. Easy accessibility, flaikty of operations, door-to-door service and abllity have
earned road transport an increasingly higher sbérboth passenger and freight traffic vis-a-vis esth
transport modes. Greater the share of commoditgiymiog sectors like agriculture and manufacturing,
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higher is the demand for transport. From 1951 28®million km to 4.110 million km as on 2008 tluat
road length in India has increased. Concurrertly,surfaced road had increased over the same gesind
1.57 lakh km to around 20.36 lakh km. Since 19h@stotal road length had expanded significantiyalé
increased from 0.915 million km in March 1971 t@¥0 million km in March 2008 — with an increaseerat
of 34.9 percent over these 37 years as compoundgabignowth rate (CAGR) of 4.1 percent. During this
period category wise classification of road lenghiowed that the length of National transit Corridler
National Highways (NHs) increased from 23,838 km7@934 km — an increase of over 180 percent or
CAGR of 2.8 percent. It is notable that the ‘Na#ibRlighways’ registered an increase of 14,744 kmon(f
52,010 km in 2000 to 70,934 km in March 2010) cwegreriod of 10 years. Arterial roads of the coufbry
inter-state movements of passengers and goodsaiendl Highways. NHs traverses the length and twidt
of the country connecting the National and Statgitaks, major ports and rail junctions and link wfih
border roads and foreign highways.

India has an extensive transit network of 3.6 wnillkm - the second largest in the world. The Govemt

of India (GOI) launched a radical program in thie 14990s to upgrade three key national transiticans:

(i) the Golden Quadrilateral; (ii) the East-Westri@or; and (iii) the North-South Corridor, covegimbout
13,000 kilometers. The National Highways Authootyindia (NHAI) was mandated with the responsipilit
of carrying out this National Highways Developmé&rbgram (NHDP) in 2000s. In post NHDP Phase llI
programme a massive programe was involving of wgaian of about 10,417 km of national highways.
This programme was an addition to the onging NHDE &ncludes upgrading linkages to the NHDP
corridors. This programme involved four or six lagiof existing two lane national highways of mosthe
selected national highways over 29 states and @nuteirritories in India. The criteria for selectiohthe
project roads are corridor with high density t@fivhich has avaergae daily traffic of more thar080
passenger car equivalent units, carridor providiage capitals with links to the NHDP network andriclor
providing access to economic and tourist centres.

3 GROWTH OF TRANSIT CORRIDOR

Growing demand in transport India has been rapittyease. Road transport has grown inter-statgHtei
and passenger movement compared to railways, imenerways and air because it does not face rigorou
en-route checks/barriers. In policy planning andesiment decisions transit corridor has to have
comprehensive data for analyse further. It is éesyatic numbering scheme based on the orientatidritee
geographic location of the highway. This was adbdte ensure more flexibility and consistency in the
numbering of existing and new national highways.

As per the new numbering system:

All north-south oriented highways will have evemhers increasing from the east to the west
All east-west oriented highways will have odd numsliacreasing from the north to the south
All major Highways will be single digit or doublegit in number

Three digit numbered highways are secondary routdganches of a main highway. The secondary route
number is prefixed to the number of the main highvwar example, 144, 244, 344 etc. will be the bhes
of the main NH44.

Suffixes A, B, C, D etc. are added to the threét digh highways to indicate very small spin-offsstretches
of sub-highways.

The network of National Highway of the country spaabout 70,934 km. The National Highway
Development Project (NHDP) covers a length of ali@y000 km of highways which is India's largestdroa
development programme in its record. Out of totdaite toad has 731 km in length, 4 lane road aligns
14,584 km in length, 2 lane road is about 37,488akm rest is single or intermediate lane. Theeetatal

212 National Higheways are aligned all over in &sliteriitory. Out of 35 states and UTs the maxlangth

is found in state Andhra Pradesh followed by Natst state arunachal Pradesh. The length of transit
corridor over india’s state is tabulated as un(leable 1)

=
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NATIONAL HIGHWAYS DEVELOPMENT PROJECT
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Fig 1: Transit Corridor in Indigource: NHAI, 2012

During the period 2000 to 2008, National Highwayseaded upto 28 percent. Out of total length (68,75
km) of National Highways 27 percent is of singladéntermediate lane, 58 percent is 2-lane standiadd
balance of 15 percent is 4-lane standard or moogef@ment of India has conceptualized huge investme
under construction and upgradation of National Migys under various phases of NHDP. NHDP Phase-I: In
December 2000 this phase was approved. It envisa¢@dFour laning of National Highways comprising
Golden Quadrilateral (GQ) linking major metros, .vizelhi, Mumbai, Chennai and Kolkata having an
aggregate length of 5846 km; (b) North-South andt&éest corridors covering 981 km; (c) Port
connectivity by upgrading 356 km of NHs linking maports in the country and; (d) upgradation of &b

of other National Highways. The total aggregateytbrof NHs for upgradation calculated under Phasad
placed at 7498 km. The total length completed gitst March 2010 was 7328 km. NHDP Phase-Il: In
December 2003 this phase was approved. The maistthf this phase involved upgradation (4 laning) o
(a) North-South (Srinagar to Kanyakumari) and Béstt (Silchar to Porbandar) corridors covering a
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distance of 6161 km and; (b) upgradation of 486dtratch of other National Highways. The total léngt
coverage for upgradation under Phase - Il invol&®d7 km out of which 4465 km has been completed by
31st March 2010. NHDP Phase-lll: NHDP Phase-llloines 4-laning of 12,109 km with high-density
stretches of NHs joining State capitals, importamitrist places and of economic importance locations
through Public Private Partnership (PPP). Out &, tmplementation of 4815 km on BOT was approved
under NHDP Phase IlIA. NHDP Phase IlIB involvingplamentation of the balance 7294 km was approved
in April 2007. Till 31st March 2010, 1581 km of wdength had been completed. NHDP Phase-IV: This
phase involved improvement of 20,000 km of NHswo tanes with paved shoulders. NHDP Phase-V: This
phase was approved for six laning of 6,500 km asterg 4 lane highways in October 2006 on DesigiidBu
Finance and Operation (DBFO) basis. This includ@@®km of GQ and 800 km of other selected stretche
NHDP Phase-VI: This phase, approved in Novembel62@dvisaged development of 1000 km of
access controlled four/six lane divided carriageveapressways on DBFO basis.NHDP Phase-VII: This
phase was approved in December 2007 for constructiostand alone ring roads, by-passes (including
improvements of NH links in city), Grade Separate@rsections, flyovers, elevated highways, RoaérOv
Bridges (ROBs), underpasses and service roads dnTed basis.

Name of the State /Union Name of the State

Territory Length (Kms) Union Territory Length (Kms)
Andhra Pradesh 5231.74 Manipur 1745.74
Arunachal Pradesh 2513.05 Meghalaya 1204.36
Assam 3811.67 Mizoram 1381
Bihar 4678.79 Nagaland 1150.09
Chandigarh 15.28 Orissa 4644.52
Chhatisgarh 3078.4 Pondicherry 64.03
Delhi 80 Punjab 2769.15
Goa 262 Rajasthan 7906.2
Gujarat 4970.9 Sikkim 309
Haryana 2622.48 Tamil Nadu 5006.14
Himachal Pradesh 2622.48 Tripura 577
Jammu & Kashmir 2593 Telangana 2635.84
Jharkhand 2653.64 Uttar Pradesh 8483
Karnataka 6502.29 Uttarakhand 2841.92
Kerala 1811.52 West Bengal 2909.8
Madhya Pradesh 5193.57 Andaman & Nicobar 330.7
Dadra Nagar Haveli 31 Daman & Diu 22
Maharashtra 7434.79

Table 1: State wise distribution of National Trar@orridor

4 GROWTH OF MOTOR VEHICLE

The growth rate of vehicles is the backbone of eatin development of Indian automotive Industry, ethi

is the second fastest growing in the world. Abouniion vehicles are produced annually in the dogn
today. In 2009, the country reported 121.63 milli@gistered motor vehicles, a motorization rate2af
vehicles per 1000 population (Road Transport Yeakp8008). Over the last three decades, motor le=hic
numbers have been doubling every ten or fewer yiedrglia as against a 2 % - 5 % annual growth irate
Canada, the United States, the United Kingdom &ddBadami, 2009). The total number of motor vedscl
increased from 52.37 million in 2000 to 121.63 ioillin 2009 i.e. an average growth rate of 9 %yeear in

the country. Some analysts predicted that Indiadsonzation rate will continue to grow to 40 velaslper
1000 by 2020. The largest majority of vehicles ndi& are found in metro cities. Number of vehidles
Indian cities is 40 millions with a share 30 % aofal vehicles in India. Chennai, Bangalore, Kolkaielhi
and Mumbai with 15.2 million vehicles constitute @8of total vehicles of important cites and 13 %aiél
vehicles in India (Motor Transport Statistics, 2D0Bhe second tier cities like Coimbtore (12 %),ddeai

(11 %), Nagpur (14.6 %) and Vishakhapatnam (17.286}ed a compound annual growth rate (CAGR) of
about 11 % or more. The growth of vehicular traffit roads has been far greater than the growtheof t
highways; as a result the main arteries face cppaeaturation. Between 1951 and 2002 the vehicle
population grew at a compound annual growth rat®@R) of close to 11 per cent compared to CAGR of
4.3 per cent in the total road length with Natiorgghway segment increasing by a mere 2.1 per éent.
noteworthy aspect has been a step-up in the grofmtational highway network in recent years whiels h

2]
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grown at CAGR of more than 5 per cent with totdtigke population growing at close to 10 per centGEA
during 1991-2004. (Table 2)

Period Vehicle Roads

Two Cars HVs | Others| Total National | State Highways| Rural Project | Total

Wheeler Highways & Public Works

Deptt

1951-2002 15.5 7.9 7.0 15.5 10.9 2.1 0.02 4.5 - 4.3
1951-61 125 6.9 6.8 26.5 8.1 1.9 4.0 -0.5 - 2.7
1961-71 20.7 8.2 6.9 15.0 10.9 0.0 2.6 6.0 415]9 7 5.
1971-81 16.3 5.5 5.1 18.1 11.2 2.9 -11.9 11.5 43| 0 5
1981-91 18.4 9.8 8.9 10.9 14.8 0.6 21.0 1.9 25 4.6
1991-2001 10.3 9.0 7.2 8.4 9.7 5.1 2.8 4.2 1.7 34
1991-2004 10.5 9.4 7.9 7.9 9.9

Table 2: Compund Annual Growth Rate 9in%) in Vehielad Road Length. Source: 11th FYP, Planning Conioniseport

Composition of vehicle population in India in theay 2004, the latest year for which the data islabla,
reveals preponderance of two-wheelers with a sbaraore than 71 per cent in total vehicle populatio
followed by cars with 13 per cent and other veligle heterogeneous category which includes 3 wisgele
trailers, tractors etc.) with 9.4 per cent. Howetke share of buses and trucks in the vehicle latipn at 1
per cent and 5 per cent respectively is much lawenpared to China. With a rising income and inadézju
urban public transport system, in particular, therspnalized mode of transport is likely to grow in
importance in the coming years. Presently the sbhoars in the total vehicle population in Inds&amuch
lower in comparison to Sri Lanka, Malaysia and €hilit equivalent to China.

Motor vehicle fleet in whole country composed ofotwheelers, three wheeler (car, jeep and taxi),
passenger vehicle (Bus and other passenger veldinokk)commercial vehicle. India had 121.63 million
vehicles at the end of year 2009. Personalized njoolestituting mainly two wheeler and cars) accednt
for more than four-fifth of motor vehicles in theuntry compared to their share of little threekfiih 1951.
Further breakup of motor vehicle population regoteponderance of two wheeler with share of nmioae t
73 % in total vehicle population followed by thneeeler (Car and Jeep) at 15 % and passenger eglatl
10 % (See Table 3). Share of commercial vehicleery low, near about 5 %. With a rising income and
greater need for mobility the personalized mod#&afsport is likely to grow in importance in comiypear.
India like many other countries in Asia has experezl high annual growth rate in excess of 10 %s Thi
equivalent to doubling vehicle fleet in about seyears. The two wheeler population in India is 3836res

in 2001 which increase upto 91235 crores in 2008oat tripled in 9 years. With the rapid pace of
urbanization and economic development, more issigitrends of personal vehicles. Car is most
comfortable vehicle and luxurious option for tramggtion in India. So share of car is rising in ibahd
accounts 9 %. The car owner ship in India is 8 theusand people (Burange & Yamini, 2010). With
country’s highway infrastructure improving and mess growing, growth of small and heavy commercial
vehicles segment outperforming in the growth. Thewmercial vehicle population doubled of in last ten
years. The growth rates of commercial vehicle rarsaime in all the years and steadily rising.

Years Two wheelers (In Crores) Three WheelersCfhres) Passenger Vehicle (In Crores| Commerciaidke (In Crores)
2001 38556 7058 6429 2948
2002 41581 7613 6756 2973
2003 47519 8599 7397 3492
2004 51922 9451 7596 3749
2005 58799 10320 8349 4031
2006 64743 11526 8913 4436
2007 73209 11860 9080 4985
2008 81235 12023 10263 5401
2009 91235 12523 10500 5967

Table 3: Composition of Indian Motor Vehicle Popidat 2000-2009. Source: Ministry of Surface Transpd India, Society for
Automobile Association of India.

Government policy can have a significant impacttiom size, composition and growth rate of a nation’s
motor vehicle fleet. In India, state and nationavgrnments directly or indirectly control the suppl
demand, the distribution of automobiles, fuel praoed fuel supply, the development of road and other
component of infrastructure needed to motor vehidle India, state also directly involve in the dimpment

of public transport system (The Energy Resourcttlite, TERI, 2009). Healthy competition benefitiwe

end consumer since cost of service or product adomen substantially, added many consumer dreaming of
an own vehicle. So number of privately vehicles tiasvn substantially in last 10 years. Car owngrs$i
growing at a rate of 10-15% per year (Tiwari, 200if)e growth rate of motorcycle is 17.4 % durinst 1&
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year and overall penetration of two-wheeler in dndiecome 28 % of all household (Indicus, 2010).
Secondly, large investments have been made fodakielopment of transport infrastructure and faetit
There has also been impressive qualitative devedopriny state government also. Private participaison
made for development of highway, service centreraathtenance of road etc. This promotes bettertgual
services to transport and have a positive impacthengrowth rate of private vehicle. Private vehicl
accounts for 30 % of total transport in India (Tiiy2007).

5 ASSESSMENT OF POLLUTION LOAD ON TRANSIT CORRIDOR

Recently, some scientists and environmentalist® ttirectly challenged government policy to devedop
western style automobile centered transportatiGtesy. They pointed that automobile will increasdfic
congestion and worsen air pollution. So policy miakbould concern about problem associated with
development of motorized India (Vinish, 2008). Tio&al consumption of petroleum products grew at the
rate of 5.7% per annum between 1980-81 and 2008t04ever, growth in consumption has moderated to
2.95% per annum over the four years (2000-01 telZ®). Consumption of petrol and diesel grew a%w.3
and 5.8% per annum respectively between 1980-81280d-05. This was the outcome of the growth of
personal motorized transport and the rise in sbhread haulage. The vehicle population contineegrow

at higher than historical rates. However, in thet Byears growth in consumption of petrol and eliéss
been far more moderate at 6.9% and less than 1peatbeely. This reflects the improved efficiency of
vehicles and better road conditions. In 2004-@fuidl fuel consumption in the transport sector anted for
28% of our total petroleum products consumptioru¢ge: Integrated Energy Policy, Planning Commission
2006; Page 10).

5.1 Ambient Air Quality Pollution Load Assessment

Emission from the road transport sector dependslynan the fuel. Apart from type of combustion erai
emission mitigation techniques, maintenance praesdand vehicle age Diesel is used as fuel in publi
transport and in cargo vehicles, cars and jeeps] as gasoline. The major pollutants emitted froadr
transport are CO2, CO, NOx, N20, SO2, VOC, PM, &l Emission from road traffic was estimated
based on the number of vehicles and distance teaviel a year per different types of vehicle. Tisigiven

in following equation.

Ei=X (Vj*Dj)*Eij,km

Where Ei =Emission of compound (i)

Vj = Number of vehicle/type (j)

Dj = Distance traveled in a year per different eédtype (j)

Eij,km = Emission of compound (i) from vehicle tyfeper driven km.

It is not always feasible and economical to camy air pollution monitoring to measures the polhita
concentration at all sensitive receptors alongrtsel corridor. To minimize the time and monetargtco
vehicular pollution dispersion modelling is an imfamt aid to predict present as well as future ytatits
concentrations along the long stretches of roadidms to facilitate the abatement and managemént o
vehicular/ urban air pollution. They are used tmudate the dispersion of vehicular pollutants needs
where vehicles continuously emit pollutants. CALIMEhe latest in CALINE series models is most wydel
used. Gaussian based vehicular pollution dispersiodel has predict air pollutants concentrations.

CALINE—4, dispersion model is for prediction of cmtrations of critical atmospheric pollutants (CO,
NOx, SO2, SPM and PM10) along the highways. Thisehemploys a mixing zone concept to characterise
pollutant dispersion over the highway and can exlus predict the pollutant concentrations for ptoes
upto 500 m of the corridor. The various input paggers for the prediction of pollutant concentrasi@re
discussed here:

(a) Site Geometry: The input parameters regardiegsite conditions as the carriageway width, rosight,
mixing zone width, surface roughness and topogcapbnditions have been taken up from the pavement
condition and road inventory surveys conductedgtbe project corridor.
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(b) Emission factors: The emission factors for ¥aegous vehicle categories vary for different spgeedhe
emission factors adopted for the various vehickedp for the various pollutants are given in thiofiong
table.

Emission factors g/mile
Pollutant Parameter Light [Medium Heavy
(Irrespective of speed) 60 Kmph
SO2 13.97 7.70 6.95
SPM/ PM* 2.86 0.60 0.22
NOx 14.28 2.48 8.94

Table 4: Speed Corrected Emission factors. Sofebicle Emissions and Control Perspective in IndR, Dehradun.

Based on the traffic composition, a composite eimistactor has been derived for application in iinedel
for the various sensitive receptors and links. @dmposite emission factor has been derived amao$the
ratio of light, medium and heavy vehicles to theat@olume and their corresponding emission factors

(c) Meteorological Conditions: The various meteogital input parameters required for modeling as th
wind speed, wind direction, mixing height, stapilitlass have been collected from secondary sowses
Indian Metrological Department (IMD), for the nestreneteorological stations.

(d) Traffic volume: The through traffic volume amomposition along the sensitive receptors have been
derived from the traffic volume counts carried ativarious locations along the project corridor.

(e) Links: Links are homogenous sections of thgegtocorridor, of length not greater than 10 kmthwi
similar traffic, site geometrics and meteorologichhracteristics. For calculating the emissionmstvcase
scenario is assumed and concentrations are obt&inearst wind direction.

() Receptors: Receptors are specific locationiwia link, which is likely to be impacted by vebiar
emissions. For the purposes of assessing air ispaensitive receptors have been identified over a
immediate influence area on either side of theqmtajorridor.

(9) The concentrations of the various pollutants thuthe project have been estimated applying énews
input parameters to the CALINE 4 model.

Predicted Pollution levels:

Various assumptions made for predicting the pdhutievels along the corridor through this model are
discussed here. No significant change in emissharacteristics of the vehicles is anticipated dyrine
different last 5 years and any assumption in deer@d emission factors would only be hypothetigélis
assumption would give a conservative estimate @ethissions and any decrease in emissions in ftiiare
those used for prediction will be beneficial. Thare no major grade differences in the Transit iQorras it

is generally a plain and gentle slopes and the misdapplied for “At grade” condition for the whole
corridor assumed. The traffic along the nationghhiays state wise is assumed to flow simultaneously
both the lanes and in both directions. This assiomgiresents a worst-case scenario of the pollu&oels.
Data have been refereed from different secondances and Caline 4 model has been attempted tesasse
the present level pollution load of Natitional Tsércorridor in state wise in cumulative form aslen

Relation Between Road Length, Traffic Voleme and &lution Load
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Fig. 2: Relation between road length, traffic voluama pollution load.
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State wise distribution of National Highways in 201 & Estimated Traffic | Composite Emission Factor| Caline 4 Modeling : Hourly Air
Volume in 2017 for year 2017 Quality Assessment
Sr. | Name of | NH Light Medium | Heavy | Hourly EF EF for | EF for | Pollution Pollution | Pollution
No. | the State | Length | Vehicl | Vehicle | Vehicl | Traffic for S0O2 PM 10 | Load in | Load in | Load in
/Union (Kms) e e Volume | Nox (g/km) | (g/km) 2017 of | 2017 of | 2017 of
Territory in NHs (g/km Nox(g/km) | SO2(g/k PM 10
) m) (g/km)
1) Andhra 5231.7 | 211688 | 62531 110110 274232 1 12 0.05 18 6 74
Pradesh 4
2) Arunachal | 2513.0 | 1128 375 1670 1503 21 5 4.25 13 9 97
Pradesh 5
3) Assam 3811.6| 29852 6969 69689 36829 5 18 0.29 16 8 77
7
4) Bihar 4678.7 | 24951 39993 8894 64944 2 8 0.11 27 6 119
9
5) Chandigarh| 15.28 5521 974 2240 6496 1 13 001 7 1 3 93
6) Chhatisgarh| 3078.4 | 17080 2770 16569 19851 3 16 0.42 23 12 108
7) Delhi 80 89811 8563 46005 98379 1 13 0.00 56 6 62 2
8) Goa 262 2451 5149 21853 7602 18 16 0.07 19 15 69
9) Gujarat 4970.9| 139337 26353 142344 165706 2 14| 0.08 24 16 90
10) | Haryana 2622.4| 66194 8989 107818 75195 2 15 0.10 24 15 172
8
11) | Himachal 2622.4 | 12896 7998 21264 20897 5 16 0.28 16 4 89
Pradesh 8
12) | Jammu &| 2593 18019 7511 30035 25533 5 16 0.25 14 6 106
Kashmir
13) | Jharkhand 2653.6 25759 13581 43534 39345 5 15 0.16 40 24 194
4
14) | Karnataka 6502.2| 153616 | 37062 138188 190694 2 14 0.09 23 11 71
9
15) | Kerala 1811.5| 188390 | 65864 847006 254351 8 22 0.02 14 5 43
2
16) | Madhya 5193.5 | 50046 40018 61210 90071 4 12 0.12 18 12 138
Pradesh 7
17) | Dadra 31 1259 68 3436 1327 2 16 0.08 6 8 102
Nagar
Haveli
18) | Maharashtr| 7434.7 | 478102 | 67314 194691 545438 1 13 0.04 32 18 102
a 9
19) | Manipur 1745.7 | 2516 207 5124 2724 10 20 1.99 8 6 79
4
20) | Meghalaya | 1204.3| 3374 4638 11306 8013 9 16 0.28 11 3 102
6
21) | Mizoram 1381 1119 2743 2848 3862 7 15 0.51 7 3 43
22) | Nagaland 1150.0| 11744 2752 28132 14499 5 18 0.23 7 3 69
9
23) | Orissa 4644.5| 45212 16734 49735 61952 3 15 0.18 19 6 87
2
24) | Pondicherr | 64.03 4231 2254 7641 6486 4 14 0.02 14 7 39
y
25) | Punjab 2769.1| 56565 5465 49110 62036 1 14 0.13 28 12 188
5
26) | Rajasthan 7906.20 56398 23473 147048  7988B 6 19| 0.26 30 8 169
27) | Sikkim 309 269 3329 1254 3598 3 2 0.07 1 1 1
28) | Tamil Nadu| 5006.1 | 223375 | 74019 223055 297420 2 13 0.04 21 10 71
4
29) | Tripura 577 8675 724 5553 9399 1 14 0.17 56 8 133
3 Telangana 2635.8| 4656 5436 8945 10093 7 17 0.48 45 9 102
0) 4
31) | Uttar 8483 92963 15644 73320 108615 2 14 0.21 31 13 182
Pradesh
32) | Uttarakhan | 2841.9 | 8933 8838 9923 17772 4 14 0.30 3 6 170
d 2
33) | West 2909.8 | 22173 37909 153377 60100 15 17 0.10 65 11 1 11
Bengal
34) | Andaman | 330.7 1690 135 1306 1826 3 15 0.52 16 7 79
& Nicobar
35) | Daman &| 22 1811 24 1454 1834 0 14 0.04 12 8 70
Diu

Source: Planning Commission Report 2012 & NAAQBCB, 2010

Table 5: Assessment of Pollution Load in Transiti@mrin India, 2017

E % REAL CORP 2017:
PANTA RHEI




Sanhita Bandyopadhyay

Fig 3: Relation Between Road Length, Traffic Volemeand Noise Pollution Load
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Fig. 3: Relation between road length, traffic voluamg noise pollution load.

From above table it depicts the maximum trafficwoé emits maximum pollution. Those states have
maximum number of vehicle in transit corridor hamaxium pollution load in terms of Partculate Matter
(PM10 g/km). Even ratio of road length to volumerafffic is also positively coreraled. Major citadmore
number of vehicular traffic counted in states comafato states located in north east or small stdtes
maxium vehicular traffic is marked in Mjhrashtraelbi, Punjab, Uttar Preadsh, Andhra Pradesh,

Maharashtra, Chandigarh. The maximum road lengtietuiNational Highway is Rajasthan, Karnataka,
Tamil Nadu etc. Most preferable condition comparedbad length and traffic volumes are in NorthtEas
States and Union Territories. The following diagnaenshows the concentration of ambient air qualfity i
different states with comparison of Traffic voluraed length of National Highways. More favourable
condition lies to north eastern states and Uniomifbees but big states with high density traffiolume
genertates more emission.

5.2 Ambient Noise Pollution Assessment

Noise impacts can be predicted at various recegigrapplication of available simulation models for
Highway noise. However, this is applicable only éperation stage of the project. Operational nfms¢he
highway is predicted through the model developedHegleral Highway dministration, Department of
Transportation of the U.S. The model used is FHWd#is Model. The procedure for prediction of noise
levels involves the following steps:

Input Parameters: Traffic volume & Speed: Traffdume for the projected period is obtained from the
traffic projections. The total number of vehiclessping per hour by type - light, medium and hedopag
with their average speed is used for projections.

Mean Energy level: All the vehicles produce noishich is taken as the base, and the cumulativesratis
the receptor distance due to the whole trafficssmeated. The mean energy level varies dependinth®n
type of vehicle. A mean energy level for the ligmedium vehicles is 70 dB and for heavy vehiclas 80
dB.

Shielding & Absorption factors: This depends on lgeduse prevailing along the corridor. The ranfie o
shielding provided for the noise and absorptiothefnoise is 3.5 to 4 and 0.3 to 0.5 respectively.

Application of Model: Equivalent noise levels due ttaffic, at the receptor locations is estimateaihg
Federal Highway Noise model,

Leq(h)i = Loe + 10Log (Ni/SiT) + 10Log (15/d)1+bDs — 13

Where,

Leq(h)i = Equivalent noise level of ith vehicle {rdicates vehicle type- light, medium, heavy).
Loe = Reference mean energy level.

Ni = Number of class i vehicles passing during tifne
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Si = Average speed for i th vehicle class in km/hr.

T = Duration for which Leq is desired correspondiagNi.

d = Perpendicular distance in meters from the cdinte of the traffic lane to the receptor locati

b = Factor related to the absorption charactesistiche ground cover between the roadways andhadrse
Ds = Shielding factor to account for the decréaswise due to obstructions between source araptec

The preceding equation is used thrice, for lighgdram and heavy vehicles respectively to obtaiedhr
values of Leq. The total Leq can be calculatedoggatithmic addition of the three Leq values asofoli,

Leq(Total) = 10 Leq ( 10 Leq(L)/10 + 10 Leq(M)/1Q1L6 Leq(H)/10)

The total equivalent noise levels at the recepatiog, distance ‘d’ m from the center of the traffine is given
by the above equation.

Predicted Noise Levels

Noise standards have been designated for difféypes of land use, i.e. residential, commercialustrial

and silence zones, as per ‘The Noise Pollution (Reign and Control) Rules, 2009, Notified by the
Ministry of Environment and Forests. Different stards have been stipulated during day time (6 at®Oto
pm) and night time (10 pm to 6 am). The noise atirethod as Leq i.e. equivalent sound pressuré texge
been adopted for the measurement of noise levi.thie energy means of the noise level over aifigec
period and is expressed in terms of decibels. Seatel noise analyses have been used for 2010 year
database from secondary source. The predictedIfmdgear 2017 shows that few states have noigd le
within the permissible range. But those states hiaigh traffic volume have noise level is beyond
permissioble limit.

6 CONCLUSIONS

India’s motor vehicles have had a substantial ahetnital impact on the environment. Automobiles aee t
primary sources of air pollution in India’s majdties. In India, transport sector emits an estimé&tél Tg
of pollution, of which 94.5 % was contributed byditransport. Analysis of database depicts thegictare
of positive correlation between air pollution witiaffic volume as well as Noise pollution with higensity
traffic in states. Staes level data has shown #sicbFrom the statistical descriptor values it wascluded
that CALINE-4 model is predicting satisfactorilyrfair pollution under given traffic and meteorolcgji and
terrain condition/ national highways of states &imion Territories in India. Further Federal Highwdgise
model also provides satisfactory result of noiseelieorediction of states in average value. The aVer
anlayis gives the national wide framework of patiatload all along the transit corridor as baselnésysis
for future planning.
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